Microsatellites also known as simple sequence repeats (SSRs) are found in DNA sequences.
Introduction
Bryophytes are the simplest and earliest land plants. These are broadly classified into liverworts, mosses and hornworts (Alam, 2014) . For bryophytes only a small number of organelle genome sequences are available (Shanker, 2012; Shanker, 2012a) which helps in the elucidation of evolutionary relationship among these plants. Phylogenetic analysis based on mitochondrial and chloroplast genome sequences of bryophytes showed liverworts as the earliest diverging lineage and hornworts as sister group to vascular plants (Shanker, 2013; Shanker, 2013a; Shanker, 2013b) . In the recent past, studies were conducted to detect microsatellites in organelle genome sequences of bryophytes (Shanker, 2013c; Shanker, 2013d) .
Microsatellites also known as simple sequence repeats (SSRs) are found in DNA sequences. These repeats consist of short repeat motifs of 1-6 bp and are present in both coding and non-coding regions of DNA sequences (Shanker et al., 2007) . SSRs have been widely used as molecular markers in plant genomes (Gupta et al., 2003; Jakobsson et al., 2007; Blair and Hurtado, 2013) . Apart from this, a database named MitoSatPlant has been developed which provides information about mitochondrial SSRs of green plants (Kumar et al., 2014) . However, there are available chloroplast genome sequences of bryophytes for which we do not have detailed information of SSRs and the chloroplast genome of P. pulcherrimum is one of them.
The plastid genome of P. pulcherrimum has been known to be the first plastid genome sequenced for any bryophyte using next generation technology (Forrest et al., 2011) . To get the sequence the researchers prepared a shotgun library from total genomic DNA of P. pulcherrimum which has been subjected to highthroughput sequencing. Bioinformatic approaches have been used for the assembly and annotation of plastid reads. Moreover, a combined analysis has been conducted for nuclear, mitochondrial and plastid contigs to screen microsatellite markers using msatCommander (Faircloth, 2008) . Despite these efforts the detailed information of cpSSRs in P. pulcherrimum is not known.
Since bioinformatic approaches offer rapid and economical SSR extraction using sequences deposited in public databases (Shanker et al., 2007a) . Therefore, the present analysis was conducted using bioinformatic approach to identify cpSSRs in Ptilidium pulcherrimum.
Additionally, the distribution of these repeats in coding and non-coding regions of chloroplast genome was analyzed. Attempt was also made to design PCR primer pairs for mined cpSSRs.
Materials and Methods

Chloroplast genome sequence of Ptilidium pulcherrimum
The complete chloroplast genome sequence of P. pulcherrimum (NC_015402, 119007 bp; Forrest et al., 2011) (Bachmann and Bare, 2004) . The length of SSRs in this study was defined as ≥12
for mono, di, tri and tetranucleotide, ≥15 for pentanucleotide and ≥18 for hexanucleotide repeats.
Maximum difference between two compound SSRs was taken as 0. The GenBank file contains information of coding and non-coding regions of chloroplast genome. Therefore, based on the presence of mined repeats in respective regions of chloroplast genome, these cpSSRs were classified as coding, non-coding and coding-non-coding (few bases of coding-non-coding SSRs occur in coding as well as in non-coding regions or vice-versa) SSRs.
Primer designing for mined SSRs
Primer 3 (http://bioinfo.ut.ee/primer3-0.4.0/) with default parameters of GC content, melting temperature, primer and PCR product size was used to design PCR primers for mined SSRs. SSR flanking regions of 200 base pair were considered to design primers.
Results and Discussion
The present analysis deals with the mining of SSRs in chloroplast genome sequence of P. pulcherrimum considering a minimum length of 12 bp. Only 23 perfect SSRs were detected with length variation from 12 to 22 bp. Compound SSRs, penta and hexanucleotide repeats were totally absent in chloroplast genome sequence of P. pulcherrimum. The frequency of various repeat motifs (mono-tetra) identified is presented in Fig. 1 . Additional information of mined SSRs motif, their length, start-end position and the region in which they lie is presented in Table   1 . It is evident from this table that out of total cpSSRs detected, 4 (17.39%) found in coding, 17
(73.91%) in non-coding and only 2 (8.69%) in coding-non-coding regions. Generally SSRs are abundant in non-coding regions of a genome (Hancock, 1995; Shanker, 2013c) and the results of the present study showed consistency with it.
Fig. 1. Frequency distribution of mono-tetra repeats identified
Dinucleotides were the most frequent repeat (11, 47.83%) followed by tri and tetra nucleotide repeats, both present with equal frequency (5, 21.74%). Mononucleotide repeats (2, 8.7%) were the least abundant in chloroplast genome sequence of P. pulcherrimum. PCR primers were successfully designed for 22 (95.65%) cpSSRs identified. A list of designed PCR primers, their length, product size etc. is presented in Table 2 . The mined SSRs represent a density of 1 SSR/5.17 kb in 119.007 kb sequence mined.
The density of cpSSRs in P. pulcherrimum found to be higher than the density of cpSSRs in Aneura mirabilis (1 SSR/5.68 kb; Shanker, 2013d) and Pellia endiviifolia (1 SSR/7.09 kb;
Shanker, 2014), rice (1 SSR/6.5 kb; Rajendrakumar et al., 2007) , EST-SSRs in barley, maize, wheat, rye, sorghum and rice (1 SSR/6.0 kb; Varshney et al., 2002) , cotton and poplar (1 SSR/20 kb and 1 SSR/14 kb respectively; Cardle et al., 2000) , Unigenes sequences of Citrus (1 SSR/12.9 kb; Shanker et al., 2007) . However, the density of cpSSRs in P. pulcherrimum found to be lower than the cpSSRs density in Anthoceros formosae (1 SSR/2.4 kb; Shanker, 2013c), family Solanaceae (1 SSR/1.26kb; Tambarussi et al., 2009) . The selection of SSR detection tools, parameters taken (e.g. minimum length of SSRs) and amount of data analyzed might be the cause of variations in SSR density.
The higher occurrence of dinucleotide repeats in this study shows inconsistency with earlier studies of cpSSRs in bryophytes. In the recent past mononucleotides were found to be abundant in the chloroplast genome of Anthoceros formosae (Shanker, 2013c) , Aneura mirabilis (Shanker, 2013d) and Pellia endiviifolia (Shanker, 2014) . However, in rice dinucleotide repeats were found to be the most abundant repeats in genic and intergenic regions but in the mitochondrial genome (Rajendrakumar et al., 2007) . The absence of pentanucleotide repeats in chloroplast genome of P. pulcherrimum is in agreement with cpSSRs studies on Anthoceros formosae (Shanker, 2013c) . Moreover, the absence of hexanucleotide repeats shows consistency with cpSSRs studies on Aneura mirabilis (Shanker, 2013d) and Pellia endiviifolia (Shanker, 2014) . It was suggested that the abundance of these repeats attributed to the evolutionary processes that fine tune distribution of SSR repeat types in genome (Lin and Kussell, 2012) .
Conclusion
In silico mining of complete chloroplast genome sequence of P. pulcherrimum saves time, cost and provides sufficient number of SSRs for this liverwort. The designed PCR primers can be used to develop SSR markers. Once developed SSR markers will help in the diversity and phylogenetic analysis of Ptilidium species.
